sea mutants and combined D-/L-2HGA patients exhibit a similar metabolic profile

93
Combined D-/L-2HGA patients not only exhibit increased 2HG levels and decreased citrate 94 accumulation, but also possess elevated levels of lactate, 2OG, succinate, fumarate, and malate 95 (Nota et al. 2013; Prasun et al. 2015) . To determine if sea mutants exhibit similar metabolic 96 defects, we used a GC-MS-based approach to examine metabolites in glycolysis and the TCA production of pyruvate (m+3) and 2HG (m+2), and a slight, but significant, decrease in the rate 118 of m+2 citrate synthesis (Fig. 2 ). These observations confirm that glycolytic flux is elevated in 119 sea mutants and are consistent with a recent study that observed enhanced glucose consumption 120 and increased lactate production in CIC-deficient human cells (Jiang et al. 2017 ). significant changes in ~1,800 genes (fold change >2.0; p-value <0.01; Supplemental Table S1 ).
127
However, out of 25 genes that encode glycolytic enzymes, the mRNA levels for 23 were either 128 unchanged or slightly reduced in sea ∆24 /Df mutants (Supplemental Table S2 Figure S4 ).
133
Our gene expression studies suggest that CIC activity influences glycolytic enzyme activity purified dLDH to catalyze the formation of L-2HG from 2-OG in vitro (Fig. 5, Supplemental Fig. 195 S10), indicating that increased lactate production could promote L-2HG synthesis. Therefore,
196
while decreased degradation appears to be the primary mechanism responsible for expansion of with combined D-/L-2HGA.
223
Our findings also highlight the role of dL2HGDH in controlling L-2HG accumulation.
224
While dLDH synthesizes most of the larval L-2HG pool, the kinetics of this reaction are poor 
RNA-seq analysis
294
RNA was purified from staged mid-L3 larvae using a RNeasy Mini Kit (Qiagen). Sequencing 2-hydroxyglutarate (2HG) and citrate (cit). For all panels, data are shown as mean ± SEM, n = 6, 420 *P < 0.05, **P < 0.01. reduces 2HG levels in sea mutant larvae. Data are shown as mean ± SEM, n = 6, *P < 0.05, **P
430
< 0.01, ***P < 0.001. Figure S2 . Metabolic defects induced by the sea Δ24 mutation were confirmed using a different deficiency strain Df(3R)BSC469 (Df'). Data are shown as mean ± SEM. n = 6, *P < 0.05, **P < 0.01.
Supplemental Figure S3 . GAL4-driven expression of UAS-sea-Flag-HA rescued the phenotypes caused by the sea mutation. (A) Relative sea mRNA levels in indicated genotypes. Data shown as mean ± SEM, n = 4, ***P < 0.001. (B) Relative metabolite levels in indicated genotypes. Data shown as mean ± SEM, n = 6, **P < 0.01. Supplemental Figure S8 . The correlation between the levels of lactate and 2HG in individual mL3 larval sample from different groups. sea mutant (sea Δ24 /Df) and its two controls (sea Prec /Df and w 1118 /Df). Df refers to the molecularly-define deficiency Df(3R)Exel8153, which uncovers the sea gene. Supplemental Figure S10 . The products of each reaction were detected by GC-MS with chiral derivatization to confirm that the dominant product is L-2HG.
Supplemental Figure S11 . Schematic summary illustrating the mechanism by which mitochondrial citrate transporter (CIC) affects the accumulation of L-2HG.
Supplemental 
